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eer Characteristics of “Mer cated block waves 
Unlilvie sinzele shock waves (as Generated by cimilos ons, 
nuclear blasts, etc.) which propazate with creater than 


COUSULG Velocity. renestec clock waves travel ach 


pb) 


approxiunately the normal sneed of sound. The repeated 
shocizs wave has a sawtooth form) anc 18s stable except rer a 
eradual attenuation in amplitude as it orocresses further 
irom ics source. 

The sawtooth form of the shock wave is produced by 
@rebortion of a lar&e a@nnlitude sound vaves If this wave 
Mmasesurt cient arplitude, 1% will Gevelop Into a2 shock 
mauve recorcless of its initial fomms This is due Zo the 
io “hat the crest of the sound Wuve CUreavgls ave ercave. 
jelocity than the trough. Ihe initial wave form 
Peorressively distorts rinally becoming a sawtooth Wave au 
masch point the shock front is fulls developecgethis 
progress is shown in is. 1] for an initial sine wave foriy 
Meo Cistortion of a hich anvlitude souna Wave into a shock 
Weve can easily be observed using a pres:ure sensitive 
mieolbe Or microphone and an oscilloscope to detect the 
Seund Wave as it is provarzated doym the tube. At the 


——_ st 


Pennine of the tube the normal wave form is observed; 
further along the tube the sound wave form becones distorted 
in bhe direction of a sawtooth forma, finally, at some 
Surthee pertion of the tuvper tee seg asironie LS) tiie 


Ceveloned anc a sawtooth form is ooserved. 
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‘ie “evel theory fot the use of tote aaeoapiry 
for the cetermination of particle velocity vas verformec 
by Kin: Clj« The response equations (,7) have been 
develovec from initial theory and are besea on the 
conservation of enersy. The difference betieen the rete 
@®r heat invut to the wire and the watc of heat loss ci eae 
foc -bOnLUlDS moving =f lurd cen pve cavated CO vire trace of 


chanse of stored thermal energuy in the wire. 


Yo~- H = C(daty,/dt) (1) 
where: 
N = Heat inout to wire per unit time 
H = Neat loss of wire per unit time 
C = Heat capacitance of wire 
If Ry is the wire resistance at a tenrmerature T,, in 
eorand "i" is the heating current, then: 


io — = ao 


wo = lL a, 


_- 
NS 
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King (1) expressed the heating loss as: 


H = L(Ty - Ta)(k + V2 kee, nu ) Vas) 


where: 
L = length of wire 
T.; = temperature of wire in °C 


T <= temoerature of air in °C 


y 
ui 


c Unerial conductivity of Wiwe 


Gy = specs tic heattael ac 
Vo = cencaty vor iad 
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dia icter of Wire 
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Be L 4kee, 
Ss expression for the heatin;; loss becomes: 
He (Tre De) Ge an) (1) 
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equilibrium can be assurnec allows C\d?../dt) to equal zero, 

[Me rerere: 

aes oa 

or i-Re wT, - T.)(A +B You ) (5) 

Unfortunately howevery due to the rapidity of the 
variations in temperature, Drebsure, 2 =f iwacs volociu. 
under repeated vlane shock waves equilibrium conditions 
Go not occur. Therefore King's cxpression must remain as: 

iP, - (TR, - Ta)(A + B Wu ) = 0(aty/at) (6) 

The major cifficulty that exists in avplyins hot-wire 
anenonetry to this study is the inherent las between the 
Meeponse of the wire to a velocity change and the velocity 
chance. In previous applications of hot-wire anenometers 
(1,2,0,9), prover electronic coupensation was introduced 
into the amplifier. The usage of this method has proven 
very satisfactory in turbulent flow fields where the 
Variavions in flow were minor as corpared to the steady 


flow field. A more recent cetermination (7) of wire time 
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lites voseription of wauipment. 


he -Ceusnacnl WseG cOupVotCucm chloe migk int Cmamoa 


ists of 2 15 horsenower eleccrie Motor Gpivime 


Sond Col 


C2 


an air commressor, capable of ¢celiverin:: 1.00 cubie feet 
Oi lr Yer tinite 2b Oressivec Up. CO apu ro ciate. hh psi 
(7 psi available for short vericds) ‘This flow of air is 
mv ov Gi ielecuricolly Urivel Ovary Chenier produc mam 
alternate rarefactions and condensations in an adjustable 
Standing wave chamber. An exhaust pipe fitted to tho 
pie Cln > wave chamber, in coubine tion with tho vltgeed 
Cownstrean end of the propagation tube, eliminates the DC 
air flow. 

Pic. 2 is a schematic dia:zram of the entire 
experimental set-up. 


Mae propaszation tule is a, 30 foov section of 


rectancular seamless steel tubing with a wall thickness 


of anproximately one-eichth inch and with inside dinensions 


t 


of 1-1/l. by 2-3/l. inches. The downstream end of the tube is 
fmeomeeecd., A termination consisting of the last eirsht feet of 
tubins was filled with a fiber-slass, wedze-shapec absorber 

me reaquce refloctions. A test for the existence of 

lending Maves mas conducted by pressure probing every 


inch of a two foot section of tube immediately upstream 


from the termination section and every foot thereafter, 
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wealth an Altec 21-BR-200 microphone. Pressure reading 
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fro: each station when plotted against distence shove 
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: * 2 es @ i Vee (hen | 
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“as Fate Lor the installation of plexi,lass sections, 


j~» 


zhese plexiglass sections were o»xen-endeo boxes, constructec 


y \ - on 
oi one half inch thiclk: plexzelass, machined to »vroviice 


je 


Piotce GlISensioOns ldcnolcal “Go. ehose of tae proud a 197 
tube, Initially the idea of installing; a Separate scction 
Was to orovide a means of isolatin;; a small section of the 
propagation tube. This was accomplished by installing 
Giaphragms at both ends of the plexizlass section in orver 
Pemeliminate the acoustic streaming in that section of the 


Pee, yet still allow for bassage of the shoclevave. White, 


a 


fieerce Lake section, the 80 velocity components would be 
Serectly available to us rlexiglass was selected as the 
acerial for the construction of these sections because 
Z6s transparent qualitics afforded excellent additional 
Geeortunities for diroes measurement of the position of 
the hot-wire vrobe in r-lation to the surface of the tubc 
during boundary layer investivJations, ana the possibility 
of qualitatively cetermining the nature of the flow using 
proce Derticles as traccrs. 

The hot-wire anemometer used was a Shapiro & idwards 
Commany, iasadena, California, constent current siodel, 
eonsiStieemet the followiemerunits: 

a. ilot-.wire Anemometer Amplifier, Model 


A-5OB 
LO 





Ds Current Control ici, “ogel T=50 

CGC. Mesistance Pricsc, Model £-40 

d. Fotentiometer, liocel b-50a 

e. Wean Sauare Cutput leter, Wodel M50 

f. Square wave Generator, ifodel C-50 

@. Power Supply for Amplifier -iodel A-SOD 
in-conjuncoLon With. the above, Flow Corporation 

Probes employing platinum filaments of approximately 0.05 

inches in length and 0.0005 inches in diameter were used. 

Althouch all of the above hot-wire anemometer 
components were not utilized in the actual mensurements, 
all are necessary for the setting up ana checking out of 
the anemometer, and shall thus be cescribed below. 

The Hot-Wire Anemometer Amplifier is a low noise, 
high cain, wide band amplifier. Provisions are made for 
checking frequency response and amplification using the 
associated square wave penerator. hiaximum uncormensated 


in is 5,000y when fully compensated, 2,500,000. An input 


G2 
05 
- 
He 


selector allows selection of input from hot-wire or 
squarewave generator. 

The Current Control Panel permitted acjustment of 
wire current over the rane of 1 to 300 ma. «An incorporated 
Mever yaun full scale ranges of 10, lOO; and 1000 ma 
provides initial adjustment of the hot-wire current. 

The Potentiometer enabled the voltae or the current 


of the hot-wire to be accurately measured. Voltage ran«es 
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IVC6U.l, leOpaettio a0. volvs- iull Seale.) Curee cee co ae 


BO 5 Oe err ns Ove Tae Se aes 


~~ 
fe 


Tne -esistance Lridge a pance: of 0 to 120; ere 
and nay be used to measure wire resistance while the 
arzlifier is in use without introducing noise or hirn. 
Pec LiVity 18 Suliicwenby to Cable a. Dalance wWwithoomiy al 
me. Of CUPreny. 

The ean Square Cutout ileter is a sensitive 
ome VOLUNIeber ANCOrpOrabin 2 11 rror scale for veadinm: 
Meee OCP 1OCOUD1e. OluDUtLoOL toe sai li Lor, 

Mace sauneo save Generator as a felt -contained,- baivore 
Se-roved, transistor type., The irequency 18 variable and 
the signal can be used to check frequency response to the 
beer itier. RMS output meter ana precision attenuation 
enable accurate fain measurement. Time constant 
Sctcrmination of a Ziven wire may be dctertinedc utilizing 
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a series of switches and attenuators to superimpose a 
square mean commonent of adjustable amplitude on mean wire 
eemecent. 

Barium Titanate transcuccr was mounted upstream 
fron the hot-wire probe to verify the cxistence of a shocl: 
wave in the provasation tube and to monitor and to determine 
Ene repetition rate, The output of the transducer was 
anolifiec by a H.H. Scott Vecade Amplifier and displayed 
on a Tektronix 5l.5 dual trace oscilloscope. This signal 
was also sent to a Hewlett Packard 1:00-D Vacuum Tube 


ahead 





VOlaviewe Or De 
LOCUPOniILC 


ieCrmuete Ory. 


wpe 
we AL 


sae |e as 
3h: aL ey oe 


ces 


y of an 


nocel 202 


FOPMECOL econ, OL sere 


° 


al ere uke wen else or 


aE. 


5 


vi 


alr Sue mies: 





electric 





t 


air compressor 


4 


rotary chopper 


chopper 






decade amplifier 


hhs 140A 





electronic counter 


hp 521A 





Figure 2. 
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in section || of this report the followin, nUheliqdeae 
CigrgscMion for cever lining the motion of agiiov immer luge oy 
use of a hot-wire anemometer was cevelojed: 

ifRy + (By © Ta) (A + B'YRu ) = C(dt./at) (6) 

The application of this expression to the study of 
Pepeated plane shock waves presents a Unique vroblém Tac 
ieorc Succession of conpression and rarefactions at a 
Metco if the tubevcreates periodic changes in pressure, 
Gensity, velocity# and temperature of the fluid medium. At 
"Large" distances from the wall, the nature of the velocity 
me assumed to consist of an alternating flow which is in 
phase with the pressure changcesg, and some induced steady 
secondary motion (acoustic streaming) as a resulv of viscous 
forces. This conuplex flow field may be further complicated 
by the existence of turbulence. 

The inability of the hot-wire to follow rapic velocity 
chances is reflected in equation (6) by the existenco of 
the term on the right. Some means nust be devised to 
determine this response!"or tO Od0erave under a set of 
emai tions in which the outnut intelligence of the wire 
can essentially reduce this term to zero. The empirical 
@ocificients, A & B are temperature Sensitive and their 
values must be determined over the expected temperature 
ranse (Ty - Ta). Therefore, all terms in equation (6) 
are variable except the current "i" which is a controlled 
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jiert In is moto See copmieane. 2 one ch2Ment ecMiro! 
section or the hot-wire Rnewemeter. Whe conversion of 
ecuation (6) to a nore useful foim is Gcsirable: 

Ven = (Te = Ta) * B Vow G7) (arctan 

Woecre. 

Vy FL Ry 

V., in actuality is the useful output of the hot-wire 

anemometer. The above expressicn, although valid for any 


fiuid, is aprlied in this exneriment to air at near 


poancard conditions. 
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, aay O Vi reel elatingeh its. 

LUO, MPPctly sHeakEne, Uns ramen opine 
bet@Weon MRernodynaaic verinblces Wiring tne Giisea 
shock front are described by the Ranlkine-nu-‘;oniot 
equations, for the »rgssure swintés in this experi.ient me 
relations are consit ered to be e-sentially reversible 


adiabatic, where: 


ah ae (/Po) (G) 
= To(Po/Py oF (9) 
and 
/e = density of air at absolute pressure ty 
7? = censity of air at absolute pressure Pq 
T = temperature of air at absolute 
. pressure: FE 
fT; = temperature of air at absolute 


pressure [ly 
fae Lal stork alates 
HO consider the concurrent cconsseg, velocity, and 
tempe» ture variations, a typical value of (P, - Se ee 
ssuned to be one-tenth atmosphere. 
Variations in © are commuted to be approximately 
equal to +h% and therefore, for the ran;es which are 


@onsicereda in this exoeriment, f? will be considcrec 


e 


constant. 
Defining B = 3B' Yo 
Equation (6) now beco.jes: 
ifR,, = (T, - Ta)(A + BVu ) - C(aD,/at) (10) 


if 





pustion (7 )inow pecoves: 

i =O eC ai = (C7) are ee) i) 
oe 0s ey ss pd, ew 

Be Var 2b bons neuer tiie 

are anproximately + 9°C. The fluc velocity cu ins the 
Snoclapacica © Varies [rom -a positive maxi ee of 


apvroximately el. m/sec tirou th zero to 4 Ne -acive mex 


of anproximately 2h. m/sec. 





- ey ° = ae 
ji e a C ik ates C u v e 

in oruer to Gsctemiine the @F7—sere bE Wa Siloc 
COIsSp cure svin: unon Vy, tie 100=a" ae GIS LchWa. thscl- tae 
° = rae 714 4 ~ e es sess 
el O a, Ox: o i. 7 oe et 4 Cae ered vELC al zs Ly A rE O TGily 
a wre 3240 "ies " ; Oo- pelo nae asrx,eCtoa A yr PAVIA 
= £9 SS Lonel a Vv 1S ai ly ad be i Ge COS ~ JL weet, , 
es a Bek AE: ; a ad i ie oe - = : s ; ALi 
mie oven With dry ice. “The hot-wire »srobe an@ thevioiccer 


mere procected fon convection currents. The ary ice Gae 
rehoved and the inside of tne oven was allowed to cradually 
meee Up over the entire range of T, curing the shocl: gave 
passages Under trese conditions equation (10) becoues 
fopifies Sy setting "ul esual to zero, and C(datg@/Mz) 

Peer on) 1tcly e:1ual to zero, 

ifR. = (TM, = @,) A Ge) 


where: 


Ry = Roll + Ty) 
and 
ie = the ricasured resistance of the wire 
alee a : 


6 bealizerature coerlicient of 
resistance of the irire, 


Values of Ry were reac dgrecvuly Troi tne resiscmenec 


ecg is. 3 snows values of 2. plotted against (8, = cs 


Per various hot-wire proves at speciried wire currcnts, 


“Lah ®@ is a nlot of Ri, plotted against (f= 49) 


whereas 


ier 2 S7ocified hot-wire sarobe al Various Wire currence, 
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soe 


Piz. 5 shows values of A plotted asainst (Ty. - a}. Sith 


sse iinofn veliucs of 2 ove2 the ex ected rarmse o7 (Bey “ tas 
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3 ® Ow te ome ts We 


‘or Wetsi-stationary con@itiofisy C(G%.-/7%) is assu ied 
my cote belt cual bo 26rO- on aewe yc on (10) toe 


beconcs: 
D 


cc. 


Rey = (Ty 1,)(4 + B Ve ) (23) 


1 ee 


maom values of "us, The velocity “u" was deternined by 
meas Of a pitot bioe -nd a M1 erenenoneucr. VYakics cra 


moe ced asainst (T., - U.) ase shovm in Fim, 6. 
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